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To determine the effect of inspiratory muscle training (IMT) on pulmonary function, respiratory muscle strength
(RMS), and functional capacity in patients undergoing cardiac surgery. The PubMed, PEDro, CINAHL, Web of
Science, CENTRAL, and EMBASE databases were searched from inception to June 2020. Randomized controlled
trials (RCTs) that evaluated patients who underwent cardiac surgery were included in this review. Meta-analysis
performed using a random-effects model showed that the mean difference in forced vital capacity, forced
expiratory volume in 1 second, 6-minute walk distance, and RMS was 3.47% (95% confidence interval [CI], 0.57
to 6.36), 5.80% (95% CI, 2.03 to 9.56), 78.05 m (95% CI, 60.92 to 95.18), and 4.8 cmH,0 (95% CI, -4.00 to 13.4),
respectively. There is strong evidence that IMT improves inspiratory muscle strength, pulmonary function, and
functional capacity, and reduces the length of hospital stay in patients undergoing cardiac surgery.

Keywords Cardiac rehabilitation, Respiratory muscle training, Cardiac surgical procedures, Exercise tolerance

INTRODUCTION disease, have become the main cause of morbidity and
mortality in India [1]. In 2017, 17.8 million deaths due
Cardiovascular diseases, especially coronary heart to cardiovascular diseases were reported globally [2].
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Inspiratory Muscle Training in Cardiac Surgeries

Worldwide, coronary artery bypass graft (CABG) surgery
is performed daily in patients with coronary artery dis-
ease [3]. Valve repair or replacement is the treatment of
choice for patients with valve diseases [4].

Despite advances in surgical procedures, the risk of
postoperative complications still exists, as surgeries are
now being performed on high-risk patients [5]. It is well
known that cardiac surgery causes postoperative pulmo-
nary dysfunction [6], which results in increased effort for
breathing, hypoventilation, ineffective cough, and hy-
poxemia, which leads to postoperative pulmonary com-
plications (PPCs), such as atelectasis, bronchospasm,
pneumonia, respiratory failure, acute respiratory distress
syndrome, prolonged mechanical ventilation, diaphrag-
matic dysfunction, and pleural disorders [7,8].

Respiratory muscle dysfunction is a consequence of
numerous factors. The grafts harvested for CABG, specifi-
cally the internal mammary artery graft, reduces blood
supply to the intercostal muscles, which leads to respi-
ratory muscle weakness [9,10]. The median sternotomy
incision results in pain and altered chest wall mechanics.
Sedation and pain together can result in shallow breath-
ing and hypoventilation. All these reduce pulmonary
function [9,11].

In addition, the use of cardiopulmonary bypass, topical
cooling for myocardial protection (phrenic nerve injury)
[6], use of chest drains, especially intercostal drains, fur-
ther reduces pulmonary function [9]. Even after 1 year,
the pulmonary function remains reduced and is not
restored to preoperative levels, although the reduction
is lesser than that after 4-5 months; compared with the
6%-13% reduction in pulmonary function at 4-5 months,
there is a reduction of 4%-5% at 1 year [12]. Pulmonary
dysfunction is significant in the early postoperative pe-
riod, and is the primary cause of PPCs, morbidity, and
mortality. However, the clinical significance of decreased
pulmonary function at 1 year postoperatively is not
known [12,13].

Inspiratory muscle training (IMT) targets the respirato-
ry muscles by increasing the load to inspiration, thereby
increasing strength and endurance. Inspiratory muscles
respond in a manner similar to that of the other skeletal
muscles. IMT has been found to increase strength in
healthy individuals, mechanically ventilated patients,
and patients with chronic heart failure [14]. Many in-
terventions, such as early mobilization, diaphragmatic

breathing exercises, and the active cycle of breathing
technique, are traditionally practiced postoperatively in
the intensive care unit to prevent the risk of postsurgical
pulmonary complications. In addition, devices such as
positive expiratory pressure devices, IMT devices, and
incentive spirometers are used to reduce the incidence
of PPCs after cardiac surgeries [7,15]. Prerehabilitation
also plays a vital role as it assists the individual to with-
stand predicted cardiorespiratory and musculoskeletal
challenges postcardiac surgery [14]. Mobilization of the
extremities; IMT; and IMT using a device that includes
isocapnic/normocapnic hyperpnea training, inspiratory
resistive flow training, inspiratory threshold pressure
training, and incentive spirometry is part of prehabilita-
tion [14]. IMT can also be used in phase II of cardiac re-
habilitation along with aerobic training or resistance ex-
ercises in patients with chronic heart failure and chronic
obstructive pulmonary disease, as evidence has shown
improvements in respiratory muscle strength (RMS) in
this population [3].

The purpose of this systematic review was to determine
the effects of IMT on RMS, pulmonary function, and
functional capacity in individuals undergoing cardiac

surgery.
MATERIALS AND METHODS

The present systematic review and meta-analysis was
conducted following the Preferred Reporting Items
for Systematic Review and Meta-analysis (PRISMA)
guidelines. This systematic review protocol was regis-
tered in PROSPERO on July 7, 2020 (Registration No.
CRD42020179130) and the Center for Open Science (OSF)
registry (https://doi.org/10.17605/OSEIO/U6VNM).

Search strategy

A comprehensive literature search was conducted in
the PubMed, PEDro, CINAHL, Web of Science, CEN-
TRAL, and EMBASE databases from inception to June
2020. The following keywords were used for the search:

»n u

“cardiac surgeries,” “cardiac surgical procedures,” “in-

” u

spiratory muscle training,” “respiratory muscle training,’

” u.

“preoperative physiotherapy,

” «

preoperative care,” “respi-

ratory muscle strength,” “CABG,” “coronary artery bypass

” u

grafting,” “valve replacement,” “heart valve replacement

” o«

surgery,

” o«

congenital disability,” “congenital disability
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correction,” “functional capacity,” and “cardiac rehabili-
tation.” The Boolean operators used were “AND,” “OR,”
and “NOT” The search was limited to articles published
in English.

Eligibility criteria and study selection

All randomized controlled trials that evaluated patients
who underwent cardiac surgeries and were given IMT,
either preoperatively or postoperatively, were included in
this review.

The outcomes that had to be assessed were forced ex-
piratory volume in 1 second (FEV,), forced vital capacity
(FVC), maximal inspiratory pressure (MIP), maximal ex-
piratory pressure, and 6-minute walk test. The secondary
outcomes to be investigated were the length of hospital
stay and the incidence of PPCs.

For the study to be eligible, (1) it should have enrolled
adults above 18 years of age, regardless of their gender
and (2) it should have at least one outcome measure con-
sidered for this systematic review.

The studies were excluded for the following reasons: (1)
studies with incomplete data (data in the form of graphs),
(2) studies published in languages other than English, (3)
studies that did not evaluate any of the outcomes consid-

ered for our systematic review, and (4) studies on neo-
nates and children

The selected studies were downloaded from Mendeley,
and retrieved articles were screened for duplicates by two
authors (ASK and FVD). For articles that were eligible
based on their titles and abstracts, the full text was ob-
tained and re-evaluated to verify whether they met the
inclusion criteria. The process of screening and assess-
ment of retrieved studies for inclusion in the systematic
review and meta-analysis is presented in Fig. 1.

Data extraction

A data extraction template was developed, pilot tested,
and modified. Data extracted included author names,
study title, objective, design, participant characteristics,
and intervention details. The authors were contacted
if the outcome data were unclear or not reported. Data
were extracted independently by one researcher, while
another researcher cross-checked the same, and the
following information was retrieved: the age of the par-
ticipants included in the study, the type of IMT given,
the number of days of preoperative or postoperative in-
tervention, the intensity and time duration per session,
and the outcome measures assessed in each study (both

Records identified through
database searching
(n=184) (n=0)

Additional records identified
through other sources

| }

Records after duplicates removed
(n=98)

}

Records screened
(n=98) g

Records excluded
(n=82)

}

Full-text articles assessed
for eligibility >
(n=16)

Full-text articles excluded,

with reasons
(n=11)

}

Studies included in
qualitative synthesis
(n=5)

}

Studies included in quantitative
synthesis (meta-analysis)
(n=5)

[ Included ] [ Eligibility ] [ Screening ] [Identification]
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Fig. 1. The Preferred Reporting
Items for Systematic Review and
Meta-analysis (PRISMA) flow
chart.
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primary and secondary). The details of each study are
summarized in Table 1.

Assessment of risk of bias

The risk of bias for studies included in this systematic
review was assessed using the modified Downs and Black
checklist, as shown in Table 2. This checklist provides an
overall score of 27, representing reporting quality, inter-
nal validity (confounding bias), power, and external va-
lidity. The items are rated as 1 for “Yes” and 0 for “No” or
“unable to determine.”

Table 2. Downs and black checklist

Data synthesis

Meta-analysis was performed using random effects
model when at least two studies were similar in terms
of the population, intervention, comparison, and out-
comes process and study design. As all the outcomes
were continuous, mean difference was computed as the
effect measure. The chi-square statistic was used (p<0.1
was considered statistically significant) to assess hetero-
geneity and the I” statistic (value >60% was considered
substantial heterogeneity) was used to quantify hetero-
geneity as percentage. RevMan 5.2 software was used for
meta-analysis. We present forest plots for all meta-analy-

Downs and black

Cordeiro et al. [16] Cargnin et al. [17] Dos Santos et al. [3] Zanini et al. [18]

Chen et al. [8]

checklist
1 Yes Yes Yes Yes Yes
2 Yes Yes Yes Yes Yes
3 Yes Yes Yes Yes Yes
4 Yes Yes Yes Yes Yes
5 Yes Yes Yes Yes Yes
6 Yes Yes Yes Yes Yes
7 Yes Yes Yes Yes Yes
8 No Yes Yes No Yes
9 Yes Yes Yes Yes Yes
10 Yes Yes Yes Yes Yes
11 Yes Yes Yes Yes Yes
12 Yes Yes Yes Yes Yes
13 UTD UuTD No UTD UuTD
14 No Yes Yes No Yes
15 No Yes Yes Yes Yes
16 Yes Yes Yes Yes Yes
17 Yes Yes Yes Yes Yes
18 Yes Yes Yes Yes Yes
19 UTD Yes Yes Yes Yes
20 Yes Yes Yes Yes Yes
21 Yes Yes Yes Yes Yes
22 Yes Yes Yes Yes Yes
23 Yes Yes Yes Yes Yes
24 No Yes No UTD Yes
25 No UTD Yes Yes Yes
26 No Yes Yes Yes Yes
27 No Yes Yes Yes Yes
Total score 19 25 25 23 26

UTD, unable to determine.
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ses. When the meta-analysis was not possible, the mean
difference with 95% confidence interval (CI) is presented.

RESULTS

The computerized database search retrieved 184 ar-
ticles, of which 16 were selected for full-text review, and
five were included in the final review.

Articles were excluded based on study methodology,
languages other than English, outcome measures other
than those to be analyzed in the review, and articles with
inadequate data on outcome measures. Data from 293
participants were analyzed. The intervention and con-
trol groups included 144 and 149 patients admitted for
cardiac surgery, respectively. All participants were older
than 18 years. The characteristics of the participants are
presented in Table 1. Participants were recruited from
hospitals or outpatient clinics.

Functional capacity

Four studies assessed functional capacity as measured
by the 6-minute walk test as an outcome [3,16-18]. There
were 46 participants in the intervention group and 150
in the control group. The heterogeneity (I?) was 0% (Py..
erogeneiy=0-53). Compared to the control group, the inter-
vention group showed significant improvement in the

6-minute walk distance with a mean difference of 78.05
m (95% CI, 60.92 to 95.18) (Fig. 2).

Pulmonary function

FvC

Two studies analyzed FVC [8,18]. A total of 108 and 109
participants were included in the intervention and con-
trol groups, respectively. The heterogeneity (I°) was 0%
(Pheterogencity=0-72). These studies reported significant im-
provement in FVC in the intervention group compared to
that in the control group, with a mean difference of 3.47%
(95% CI, 0.57 to 6.36) (Fig. 3).

FEV,

Two studies analyzed FEV, [8,18]. The intervention and
control groups comprised of 108 and 109 participants,
respectively. The heterogeneity (I*) was 0% (Pyeierogene-
iy=0.20). These studies reported remarkable improve-
ment in FEV, with a mean difference of 5.80% (95% CI,

2.03 to 9.56) (Fig. 4).

FEV,/FVC ratio

One study reported the effect of IMT on the FEV,/FVC
ratio [8]. There were 98 and 99 participants in the inter-
vention and control groups, respectively. There was a
mean difference of 0.47 (95% CI, 2.37 to 3.31).

Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Carginin C 2018 4472 96.6 13 3147 941 12  52% 132.50[57.72, 207.28]
Cordeiro et al 2016 502.4 112.8 11 422.4 102.8 16 4.2% 80.00 [-3.55, 163.55]
Dos Santos TD etal 2018 5379 56.8 12 4501 53 12 15.2% 78.80[34.85, 122.75] _—
Zanini et al 2019 365 23 10 291 22 10 75.4% 74.00 [54.27,93.73] -
Total (95% ClI) ) ) 46 ) 50 100.0% 78.05[60.92, 95.18] <&
Heterogeneity: Tau"=0.00; Chi =2.20, df=3 (p=0.53); '=0% \ , , ,
Test for overall effect: z=8.93 (p<0.00001) 200 100 0 100 200

Favours [control] Favours [intervention]

Fig. 2. Forest plot comparing the intervention group versus control group in the 6-minute walk distance.

Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Chen X 2019 92.06 16.24 98 89.11 1264 99 50.7% 2.95[-1.12,7.02] 4
Zanini et al 2019 658 3.6 10 618 56 10 49.3% 4.00[-0.13, 8.13] ——
Total (95% CI) , 108 109 100.0% 3.47 [0.57, 6.36] -
Heterogeneity: Tau"=0.00; Chi'=0.13, df=1 (p=0.72); '=0% I I

Test for overall effect: z=2.35 (p=0.02)

-10 -5 0 5 10
Favours [control] Favours [intervention]

Fig. 3. Forest plot comparing the intervention group versus control group in forced vital capacity.
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Respiratory muscle strength

Maximal inspiratory pressure

Three studies with a total of 244 participants evaluated
MIP as an outcome [8,16,18]. A total of 119 participants
received IMT and 125 participants formed the control
group. The heterogeneity (I*) was 69% (Peerogenciy=0-53)-
These studies reported that there was an improvement
in MIP in the intervention group compared to that in the
control group, with a mean difference of 4.70 cmH,0 (95%
CI, -4.00 to 13.4) (Fig. 5).

Maximal expiratory pressure

One study, which included 10 participants, document-
ed the effects of IMT on maximal expiratory pressure [18].
There was a difference of -2.1 cmH,O that favored the

control group.

Length of hospital stay

Four studies included in the review measured the
length of hospital stay as an outcome [8,16-18]. The
intervention and control groups included 132 and 137
participants, respectively. There was a mean difference
of -1.82 days (95% CI, -2.45 to -1.18). The length of hos-
pital stay of participants given IMT, either preoperatively
or postoperatively, was significantly shorter than that of
participants in the control group (Fig. 6).

DISCUSSION

To our knowledge, this is the first systematic review and

Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Che_n _X 2019 9114 151 98 87.28 14.87 99 49.6% 3.86 [-0.33, 8.05] —0—
Zanini et al 2019 67 31 10 593 5.9 10  50.4% 7.70[3.57, 11.83] —a—
Total (95% Cl) | ) 108 109 100.0% 5.80 [2.03, 9.56] o
Heterogeneity: Tau"=2.87; Chi'=1.64, df=1 (p=0.20); '=39% : : : :
Test for overall effect: z=3.02 (p=0.003) -20 -10 0 10 20

Favours [control] Favours [intervention]

Fig. 4. Forest plot comparing the intervention group versus control group in forced expiratory volume in 1 second.

Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% ClI
Chen X 2019 100.08 23.36 98 93.22 2312 99 39.3% 6.86 [0.37,13.35] ——
COF(_ie_IFO etal 2016 83.1 191 11 695 149 16 228% 13.60[0.16, 27.04] I
Zanini et al 2019 62.8 86 10 657 73 10 37.9% -2.90 [-9.89, 4.09] ——
Total (95% Cl) " 119 . 125 100.0%  4.70[-4.00, 13.39] ?
Heterogeneity: Tau"=39.14; Chi"=6.42, df=2 (p=0.04); '=69% : : | : :
Test for overall effect: z=1.06 (p=0.29) -20 10 0 10 20

Favours [control] Favours [intervention]

Fig. 5. Forest plot comparing the intervention group versus control group in maximal inspiratory pressure.

Intervention Control Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, random, 95% CI IV, random, 95% CI
Carginin C 2018 98 1.9 13 116 23 12 145%  -1.80[-3.46,-0.14]
Chen X 2019 751 283 98 938 31 99 583% -1.87 [-2.70, -1.04] ——
Cordeiro et al 2016 62 13 11 84 28 16 162% -220[377,-063] —=—r
Zanini et al 2019 7 07 10 8 3 10 11.0%  -1.00[-2.91, 0.91] -
Total (95% Cl) , 132 137 100.0%  -1.82[-2.45,-1.18] >
Heterogeneity: Tau"=0.00; Chi=0.95, df=3 (p=0.81); I'=0% : : : :
Test for overall effect: z=5.63 (p<0.00001) -4 -2 0 2 4

Favours [intervention] Favours [control]

Fig. 6. Forest plot comparing the intervention group versus control group in length of hospital stay.
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meta-analysis to examine the effect of IMT in patients
undergoing cardiac surgeries. The results of the meta-
analysis suggest that there is a remarkable improvement
in RMS, functional capacity, and lung function. However,
the included studies showed heterogeneity in variables
such as training period (preoperative IMT or postop-
erative IMT) and duration of sessions. Only one study
used IMT in the preoperative phase. Dos Santos et al. [3]
reported on IMT in the second phase of cardiac rehabili-
tation, whereas in three studies, it was provided during
the first phase of cardiac rehabilitation. The first phase
of cardiac rehabilitation refers to rehabilitation during
hospitalization. The second phase includes rehabilita-
tion up to 4 months after discharge from the hospital
and consists of monitored outpatient physical activity as
recommended by the physician. Subsequently, the third
phase of cardiac rehabilitation involves a permanent,
unmonitored exercise program [19]. We conducted a
meta-analysis of all included studies, which indicated an
improvement in RMS, functional capacity as measured
by the 6-minute walk distance, and lung function.

RMS was evaluated as the primary outcome in this sys-
tematic review and meta-analysis. RMS is reduced in all
individuals undergoing cardiac surgery. Previous studies
have shown that neural conditioning caused by repeated
exposure to the same task improves RMS by improving
neuromuscular recruitment patterns [8]. According to
Zanini et al. [18], RMS improves by the 30th postoperative
day and that there is no significant improvement in the
IMT group compared to other groups. Moreover, reversal
of RMS has been reported due to the additional effect of
expiratory positive airway pressure and not IMT alone.
However, Cordeiro et al. [16] noted better RMS at the
time of discharge in a population who underwent IMT
post-surgery. This difference could be due to the higher
resistance used by Cordeiro et al. [16] or the difference in
the population. Meta-analysis reported the highest het-
erogeneity, I°=69%.

De Menezes et al. [20] reported that reduced RMS was
associated with decreased functional capacity and an
increased period of recovery of lung function, as it is di-
rectly related to peripheral muscle strength. Therefore,
improvement in RMS can improve FVC and FEV, and
thereby the 6-minute walking distance. We included two
studies to analyze the effects of IMT on FVC and FEV,. A
meta-analysis of both studies showed an improvement

in FVC, irrespective of whether IMT was administered
preoperatively or postoperatively. Nevertheless, the study
by Zanini et al. [18], which assessed postoperative inter-
vention, reported better improvement than the study by
Chen et al. [8]. The study by Shenkman et al. [21] report-
ed that individuals with CABG had a 70% reduction in
FVC immediately postoperatively and a reduction of 35%
at 3 weeks after surgery.

PPCs usually prolong the postoperative length of hospi-
tal stay. Previous studies by Hulzebos et al. [22] reported
that preoperative IMT reduced the incidence of PPCs.
In addition, a systematic review and meta-analysis con-
ducted by Gomes et al. [23] showed similar findings. In
our review, only the study by Chen et al. [8] reported the
reduction of PPCs after preoperative IMT, but other stud-
ies have not focused on this aspect.

Four studies with no heterogeneity (I’=0%) were used
for meta-analysis of the length of hospital stay. The meta-
analysis indicated that there was a significant improve-
ment in the intervention group compared to the control
group. A reduction in the length of stay can be associated
with a reduction in PPCs in the intervention group. Im-
proved inspiratory muscle strength improves the efficacy
of cough, and thereby, clearance of secretions and reduc-
tion in PPCs.

This systematic review and meta-analysis has a few lim-
itations. Only five articles, with intervention administered
either preoperatively or postoperatively, were eligible for
the systematic review. We were unable to compare stud-
ies with preoperative IMT with those with postoperative
IMT, as very few studies with independent preoperative
IMT were available. The sample size was small, and one
study included data from only males in the interpretation
of results [16]. In addition, we included studies in which
intervention was provided at different time intervals. Fur-
thermore, differences in exercise intensities and duration
of sessions may have also contributed to the heterogene-
ity, which was unavoidable as there are very few studies
on this subject. Hence, further studies are required to
determine whether IMT helps improve RMS, functional
capacity, and pulmonary function.

In conclusion, the authors recommend the use of
IMT, either before or after cardiac surgery, as it success-
fully improves pulmonary function, inspiratory muscle
strength, functional capacity, and duration of hospital-
ization.
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